Methods for estimating surface area for various algal morphologies
We developed different methods for determining the surface area for different algal morphologies. As we were primarily interested in the change in density of eggs on a single substrate sampled repeatedly over time, as long as our measures of surface area within a vegetation type are consistent, differences in the accuracy of surface area measurements among vegetation types are largely irrelevant.
Branched algae including Sargassum, Gracillariopsis, Neorhodemela, Odonthalia, and worm tubes
We approximated the surface area of the branched algae as a set of cylinders. Let d be the diameter of algal stipes, and l be the length of the algae. We calculated the surface area of the main stem as dl and the surface area of subdominant branches as either for i stems (if the number of stems was small, i.e. i < 5), or more generally where and are the average diameter and average length of the subdominant branches, respectively, and n is the number of subdominant branches. Total surface area is then the sum of surface area for the dominant and subdominant branches.
Eelgrass (Zostera marina)
We approximated the surface area of eelgrass by measuring the length, l, and width, w, of each blade emerging from a single eelgrass shoot. So the surface area for a single shoot with i=1,…,I individual blades was .
Flat, blade-like algae including Laminaria saccharina and Mazaella splendens
We approximated the surface area of flat algae by measuring the length and width of algae as an ellipse. We measured the 2 major diameters axes of the surface of the algae ( ) and calculated the surface area for the total surface area of the algae as .
Puff-ball algal morphology, Lomentaria spp.
At Port Madison, we encountered and sampled one species that received spawn with a distinct morphology unlike the other species. This invasive red algae, Lomentaria spp., looks like a puff of finely branched stems emerging from a holdfast. Due to this morphology, it was impossible to count or measure the number of branches in an individual clump. As a result, we weighed each clump of algae and measured the 3 major axes to approximate the surface area as an ellipsoid. We calculated the surface area as with p =1.6.
While this is not ideal, this approach seemed most reasonable given logistical constraints.
Because direct counting of all eggs in each sample was logistically impossible due to the high numbers of eggs, we used a volumetric displacement method to estimate the number of eggs for spawn samples with large numbers of eggs. Generally, we use the displacement method for all samples with more than 200 or 300 eggs. To develop a relationship between displacement volume and egg number, we removed all eggs from the vegetation, counted them, and measured their displacement in a graduated cylinder of fresh water. In total, we estimated the volumetric displacement of 32 egg samples from 3 sites, spanning a range from 59 to 1427 eggs. Measured eggs represented a range of egg development stages. We used linear regression to estimate the following relationship between displacement and egg number:
, where V is volume in ml.
Details for the estimation of wave height at each subpopulation
We used the waves tool (Rohweder et al. 2008) in ArcGIS to calculate wave height at each herring spawning site. We ran our model over a spatial domain spanning 47° to 50°N latitude and -122° to -124° W longitude, with a spatial grain or resolution of 90 m. The tool requires 3 types of data in order to function: shoreline, bathymetry, and wind. We used NASA's world surface water body data (downloaded from http://gis.ess.washington.edu/data/vector/ worldshore/index.html) to delineate the shoreline (converted from vector to 90 m grid), NGDC's 3 arc-second (~90 m) US Coastal Relief Model gridded bathymetry (NOAA 2003) , and wind data from the Whidbey Island Naval Air Station (downloaded from www.ncdc.noaa.gov/cdo-web/search?datasetid=GHCND). We chose this wind station because it is central to all 5 of our sites and is located close to sea level (see Fig. 1 in the text). Generating wave height was a 2-step process using the waves tool. First, we calculated fetch distances for each of the 90 m grid cells in our spatial domain. We used the NASA derived data for our shoreline grid, SPM calculation method (spreads 9 radials around each of the wind direction angles and calculates an arithmetic mean), and fetch distances were calculated in 36 different compass headings (in 10 degree increments). Second, we used these fetch distances to calculate significant wave height, which also incorporated the wind speed and direction data from the naval air station (fastest 2 min speed and direction). We set the 'wind measurement height above ground' at 14.3 m, used the 'overland wind measurement' option, set the density of water at 1020 kg m -3 and used the NGDC grid as our 'bathymetry raster.' Our dates of wind data coincided with the dates that we sampled at each of the 5 sites. We summarized the output from the waves model as mean significant wave height for each of the 5 sites, over the time periods in Table 1 .
Method of moments estimator for Q
To calculate the cumulative probability of hatching, , we need to incorporate our uncertainty in the probability of hatching, Q, as well as the egg loss rate, Z. We observed the proportion of eggs that hatched in the common garden experiment for each sub-population. We had 8 tanks for each sub-population and so we have 8 independent observations of the proportion of viable eggs. To incorporate our uncertainty about Q, we used the method of moment to generate a beta distribution for Q from the mean probability of hatching, μ, and variance, 2 , observed in the common garden experiment. The beta distribution, Beta( , ), is bounded on the interval [0,1] and appropriate for modeling the proportion of viable eggs. The 2 estimated parameters of the beta distribution, and , are related to the observed mean and variance, Then the probability of hatching is .
Stockard's solution:
4% Glacial acetic acid: 40 ml 5% Formalin (37% formaldehyde): 50 ml 6% Glycerin: 60 ml 85% Fresh water: 850 ml Total: 1000 ml 
